A Gram-stain-positive, aerobic, motile, rod-or cocci-shaped bacterium with flagella bacterium (THG-T63 T ) was isolated from freshwater mud. Growth occurred at 10-40 C (optimum, 28-35 C), at pH 6-8 (optimum, 7) and at 0-6 % NaCl (optimum, 2 %). Based on 16S rRNA sequence analysis, the nearest phylogenetic neighbours of strain THG-T63
The genus Nocardioides was proposed with Nocardioides albus as the type species [1] . It belongs to the family Nocardioidaceae within the suborder Propionibacterineae. Members of the genus Nocardioides are characterized as being Gram-stain-positive, catalase-positive, aerobic and mesophilic nocardioform actinomycetes that are coccus to rod shaped. Major chemotaxonomic features of the genus Nocardioides are the presence of MK-8 (H4) as the major respiratory quinone, LL-diaminopimelic acid as the diagnostic diamino acid of the peptidoglycan and iso-C 16 : 0 and/or C 18 : 1 !9c as the major fatty acids [2] [3] [4] . Since the proposal of the genus Nocardioides, more and more species have been classified as members of genus. At the time of writing, the genus comprises more than 70 species with validly published names (www.bacterio.net/nocardioides.html). Strains affiliated with the genus Nocardioides have been isolated from diverse environments, such as soils, sand, water, herbage, polluted environments, halophyte, plant material, glacier cryoconite and catacombs [5] [6] [7] . In recent years, members of the genus Nocardioides have attracted more and more attention, because they are able to degrade various xenobiotic compounds [8, 9] . Thus, they are potentially important in the biogeochemical cycles of carbon, nitrogen and chlorine, and elements of xenobiotic compounds in their surrounding environments. They have also potential biotechnological applications, such as the bioremediation of aromatic-contaminated environments. In addition, some strains can produce antibiotics with antitumour activities [10, 11] . On the basis of data from phenotypic, genetic and chemotaxonomic analyses, our study reports the taxonomic characterization of a novel species, Nocardioides pelophilus sp. nov.
Strain THG-T63
T was isolated from freshwater mud collected at Kyung Hee University, Yongin, Republic of Korea (5 Oct 2015, 37º 16¢ 33 † N, 127º 10¢ 40 † E). The mud sample (1 g) was thoroughly suspended in 9 ml 0.85 % (w/v) NaCl solution and mixed in a shaker for 30 min. Aliquots of the serially diluted sample were spread on marine agar (MA; Oxoid) plates and incubated at 30 C. After 1 week, a single colony was picked and restreaked repeatedly onto a new MA plates until the purity was confirmed. The purified strain THG-T63
T was maintained in glycerol (25 %, v Cells of strain THG-T63 T were collected from the MA after incubation at 30 C for 7 days. Then genomic DNA was extracted and purified by using the genomic DNA extraction kit (Biofact). 16S rRNA gene sequences were amplified with the universal bacterial primer pair 27F and 1492R [12] . The purified PCR products were sequenced according to Sanger's single-stranded DNA terminal termination method. 16S rRNA gene sequences of related strains were obtained from the GenBank database and the EzTaxon server [13] . Alignment of sequences were performed using the CLUSTAL_X program [14] followed by gap editing using the BioEdit program [15] . The phylogenetic trees were reconstructed by using the neighbour-joining [16] , maximum-likelihood [17] and maximum-parsimony [18] methods. The robustness of the topology in the phylogenetic trees was evaluated by bootstrap analyses based on 1000 resamplings [19] . The neighbour-joining method were calculated by using Kimura's two-parameter model [20] . The maximum-likelihood method were calculated by using the Tamura-Nei model [21] . The branch-and-bound algorithm was used in the maximum-parsimony method [22] . The MEGA6.0 software package was used for all analyses [23] . T and other species were lower than 96.0 %. The relationship between strain THG-T63
T and other Nocardioides species was also supported by the phylogenetic tree (Fig. 1) .
The Gram staining was tested according to the KOH method [24] . Cell morphology of strain THG-T63
T was observed by transmission electron microscope (Model JEM1010; JEOL) at Â11 000 magnification, using cells grown on MA at 30 C for 4 days. Growth capacity was tested at different temperatures (4, 5, 10, 20, 25, 28, 30, 35, 40 , 45 and 50 C) and pH (pH 3, 4, 5, 6, 7, 8, 9 and 10) in 5 ml of marine broth (MB; Oxoid) at 30 C for 15 days. For the pH experiments, two different buffers were used (final concentration, 100 mM): acetate buffer was used for pH 3-6 and phosphate buffer was used for pH 7-10. Salt tolerance was determined in modified MB prepared without NaCl and then supplemented with 0-12 % (in increments of 1 %, w/v) NaCl. In addition, MB without strain THG-T63
T was used as controls in temperature, salinity and pH tolerance tests. Motility test was performed in sulfide-indole-motility medium (SIM; Difco) at 30 C for 7 days. Anaerobic growth was tested on MA incubated at 30 C for 14 days by using a BBL anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Catalase activity was assessed by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was accessed by using 1 % (w/v) N,N,N¢,N¢-tetramethyl-1, 4-phenylenediamine reagent [25] . Hydrolysis of starch, casein, cellulose, chitin, L-tyrosine, DNA, Tween 20 and Tween 80 were determined according to previously described methods [26, 27] . Growth on Reasoner's 2A agar (R2A; Difco), tryptone soya agar (TSA; Oxoid), nutrient agar (NA; Oxoid), Luria-Bertani agar (LBA; Oxoid) and MacConkey agar (MCA; Oxoid) were tested. All the above tests, unless specifically indicated, were performed after incubation at 30 C for 7 days. Based on the results of 16S rRNA gene sequence and the phylogenetic tree, N. panacisoli KCTC 19470 T , N. caeni KCTC 19600 T , N. humi KCTC 19265 T , N. kongjuensis KCTC 19054 T , N. nitrophenolicus KCTC 457BP
T and the type species (N. albus KCTC 9186 T ) were included as reference strains for biochemical tests under the same laboratory conditions. In addition, tests of carbon source utilization and enzyme activities were performed with API 20NE, API 32GN, API 50CH and API ZYM kits according to the instructions of the manufacturer (bioM erieux).
Cells of strain THG-T63
T were Gram-stain positive, aerobic, motile and rod-or cocci-shaped with flagella (0.4-0.6 µmÂ0.8-1.0 µm) (Fig. S1 , available in the online version of this article). Colonies of strain THG-T63
T grown on MA for 5 days at 30 C were circular, convex, creamy white and 1-2 mm in diameter. Strain THG-T63
T grew well on R2A, NA and TSA; weakly on MCA and LBA. Strain THG-T63 T grew on MA at 10-40 C (optimum 28-35 C), at pH 5-8 (optimum 7) and in the presence of 0-6 % NaCl (optimum 2 %). Catalase and oxidase activities were positive. Nitrate reduction and indole production were negative. Strain THG-T63
T was able to hydrolyse casein, starch and cellulose; but unable to hydrolyse Tween 20, L-tyrosine, DNA, Tween 80 and chitin. The physiological characteristics of strain THG-T63
T are summarized in the species description and a comparison of selective characteristics with related reference strains is presented in Table 1 .
To measure the DNA G+C content of the chromosomal DNA, genomic DNA was extracted from strain THG-T63 T and purified by using a Biofact genomic DNA extraction kit. Then, genomic DNA was enzymically degraded into nucleosides and analysed using reversed-phase highperformance liquid chromatography (HPLC) [28] . Escherichia coli DH5a was used as a reference strain. DNA-DNA relatedness (reciprocal) between closely related reference strains and strain THG-T63
T was tested fluorometrically according to the method developed by Ezaki et al. [29] with modifications [30] , using photobiotin-labelled DNA probes and micro-dilution wells. The optimum hybridization temperature for THG-T63
T was 49 C, which was determined by the following calculation: [ 
Activity and assimilation of (API 20NE and 32GN):
The polar lipids of strain THG-T63 T were extracted and examined by two-dimensional thin layer chromatography (TLC) [32, 33] . For all lipids, TLC plates were sprayed with 5 % molybdophosphoric acid, then charred at 120 C for 2 min. Amino lipids were detected by spraying with 0.2 % ninhydrin on new plate and then keep plate in the oven at 120 C for 2 min. Phospholipids were detected by spraying with molybdenum blue reagent (Sigma) at room temperature. Glycolipids were visualized with 2.5 % a-naphtholsulfuric acid, then charred at 120 C for 2 min. Cellular fatty acids were extracted from the cells on TSA at the logarithmic phase of growth and identified by using the Microbial Identification System (Sherlock Version 6.1; MIDI database: TSBA6) according to standard procedures [34] . Isoprenoid quinones of strain THG-T63
T were extracted and purified from freeze-dried cells [32, 35] and then analysed by HPLC [36, 37] . The presence of diaminopimelic acid isomers in the cell-wall peptidoglycan was determined by TLC after hydrolysis with 6 M HCl at 100 C for 18 h as described by Hu et al. [38] .
The polar lipids of strain THG-T63
T were phosphatidylglycerol, phosphatidylinositol and one unidentified phospholipid (Fig. S2) . The unidentified phospholipid did not appear in the polar lipid profile of its closest reference strain. The Major fatty acids of strain THG-T63
T (>5 % of total fatty acids) were C 16 : 0 , C 17 : 1 !6c, C 17 : 1 !8c, C 18 : 0 10-methyl, C 18 : 1 !9c and iso-C 16 : 0 (Table S1 ). The overall fatty acid profile of strain THG-T63
T was similar to those of related species except for the higher proportion of C 18 : 0 10-methyl and C 18 : 1 !9c. The quinone was MK-8 (H4), which is in accordance with the genus Nocardioides [2] . The cellwall peptidoglycan contained LL-2,6-diaminopimelic acid, which corresponded to the type of cell-wall peptidoglycan within the genus Nocardioides [2] .
In summary, a number of phenotypic characteristics clearly distinguished strain THG-T63
T from other species of the genus Nocardioides (Table 1 ). In particular, strain THG-T63
T was positive for glucose acidification; assimilation of inositol and 5-ketogluconate. A higher proportion of C 18 : 0 10-methyl and C 18 : 1 !9c appeared in strain THG-T63
T . Therefore, the results of this polyphasic study of strain THG-T63
T and its closest phylogenetic neighbours indicates that strain THG-T63
T should be assigned to the genus Nocardioides as a novel species, for which the name Nocardioides pelophilus sp. nov. is proposed. a, Data from Cho et al. [2] ; b, data from Yoon et al. [3] ; c, data from Kim et al. [4] ; d, data from Yoon et al. [5] ; e, data from Yoon et al. [6] ; f, data from Prauser [1] .
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